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[Claim 1] 



A stainproof natural stone material characterized by having a 
fluorine-based stainproof ing agent on the surface of an ultrathin 
natural stone material and a coarsely-woven cloth and a corrosion- 
resistant resin layer on its backside. 
[Detailed Specifications] 
[0001] [Field of Industrial Utilization] 

The present invention relates to an ultrathin natural stone 
material, and in further detail, a lightweight, tenacious stainproof 
natural stone material with outstanding construction worlcability and 
the gloss, color hue and texture surface of the natural stone material 
does not deteriorate after construction. 
[0002] [Prior Art] 

Ultrathin natural stone materials have been known in the past 
using thin slicing techniques utilizing diamond cutters, but although 
these natural stone materials exhibited outstanding properties from 
the standpoint of being more lightweight, they had, in addition to 
their problems including low bending strength and impact resistance, 
transportability and construction workability from being ultrathin, 

*Number in the margin indicates pagination in the foreign text. 



natural stone materials had other problems such as being stained due 
to permeation of all sorts of polluted water and oils into the surface 
and backside, adhesion of dust, and furthermore, the long-term 
weatherability against rainwater and sunlight. 
[0003] 

In order to improve such drawbacks, methods in which the backside 
of natural stone material is reinforced with fabric made from fibers 
and a resin (publications of Tokko Nos . 51-38731 and 51-48972) have 
been proposed as methods in which the bending strength and impact 
resistance were improved. However, in these methods, although the 
permeation of polluted water into the backside of the stone material 
can be improved, but the long-term weatherability against various 
stains on the surface of the stone material, such as stains caused by 
permeation and adhesion of polluted water and oil, and against 
rainwater, natural sunlight and artificial sunlight cannot be improved 
that much, and the long-term and stable use of ultrathin natural stone 
materials are not adequate. 

[0004] [Problems Which the Invention Intends to Solve] 

The present invention revives the lightweight features of 
ultrathin natural stone materials, and moreover, improves some of the 
drawbacks thereof, i.e., the bending strength and impact resistance 
over a wide scale, and simultaneously effectively prevents stains on 
the surface and backside of stone materials caused by permeation of 

3 



all sorts of polluted water and oils easily produced especially when 
the stone material is ultrathin, adhesion of dust, and changes over 
time in the gloss, color hue and texture of the stone material surface 
due to long-term exposure to rainwater, the sun, etc. In particular, 
the more ultrathin a natural stone is, the more apt its strength will 
decrease and stains caused by permeation of polluted water and the 
like will become conspicuous especially on relatively soft and porous 
marble and granite, such as white granite. By solving all the 
drawbacks of these ultrathin natural stone materials, implementing the 
design and execution of large-sized natural ' stone materials which was 
difficult to realize in conventional methods, and by applying stone 
materials with outstanding stainproof ing properties, the texture and 
high-grade feeling of the natural stone material itself can be 
effectively and permanently maintained, 
[0005] [Means Used to Solve the Problems] 

As a result of painstakingly researching ultrathin natural stone 
materials, and in particular, relatively soft and porous marbles and 
granites, such as white granite, and a method for simultaneously 
solving their drawbacks, i.e., a reduction in the bending strength, 
impact resistance and facade quality, the inventors of the present 
invention arrived at the present invention. Namely, the present 
invention is a stainproof natural stone material characterized by 
having a fluorine-based stainproof ing agent on the surface and a 
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coarsely-woven reinforcing cloth and a corrosion-resistant resin layer 

on the backside. 

[0006] 

In further detail, by uniformly applying a special fluorine-based 
stainproof ing agent having outstanding weatherability (light 
resistance) and heat resistance, and stainproof ing properties in terms 
of water and oil repellency to the surface of an ultrathin-f ilm 
natural stone material whose thickness corresponds to 2 to 12 mm, on 
the one hand, and lining and reinforcing the backside of the stone 
material with a coarsely-woven reinforcing fabric, a stainproof 
natural stone material is obtained wherein the drawbacks of ultrathin 
natural stone materials, i.e., changes over time in the quality of the 
appearance of the stone material surface after machining can be 
prevented, and simultaneously, the bending strength and impact 
resistance over a wide scale are enhanced. 
[0007] 

The ultrathin stone material of the present invention is one that 
can be sliced thinly to a thickness of 2 to 12 mm. An extensive range 
of natural stones including marble and granites, such as white 
granite, red granite and black granite, are cited for the raw stone 
that is to be applied, but in particular, marble, white granite, and 
the like which are relatively soft and porous, are effective as stone 
materials having color tones that allow stains to stand out with ease. 
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In contrast to hard, compact stone materials having deep color tones 
are used for a long period of time, changes over time in the gloss and 
texture can be prevented, and basically by nature, seldom are changes 
caused by all sorts of polluted water and the like. 
[0008] 

Polytetraf luoroethylene and perf luoroalkyl group-containing 
acryl -based water- and oil-repellents and their denatured materials, 
such as silicone-denatured fluorine-based compounds, alkylene oxide- 
denatured fluorine-based compounds, and the like can be cited for the 
fluorine-based stainproof ing agent of the present invention, but it is 
not particularly limited to these compounds as long as it exhibits 
outstanding weatherability (light resistance) and heat resistance, as 
well as its stainproof ing properties, i.e., water- and oil-repellency . 
Polytetraf luoroethylene emulsified dispersions, high fluorine- 
containing-type (the fluorine content in the solid content is 35% or 
higher) acryl-based water- and oil-repellents, and silicone-denatured 
fluorine-based water and oil repellents are particularly preferable 
for the stainproof ing agents having such features. 
[0009] 

Knit fabrics and non-woven fabrics composed of any of glass 
fibers, carbon fibers, polyester-based fibers, high-strength, highly- 
elastic polyethylene-based fibers and aromatic polyamide-based fibers 
are cited for the coarsely-woven reinforcing fabric, but coarsely- 
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woven materials are particularly preferable from the standpoint of the 
reinforcing effect on ultrathin natural stone materials, which is one 
purpose, and the ease of compounding stone materials and reinforcing 
fabrics with corrosion-resistant resins. Such textiles generally are 
preferable as long as they are high in strength and low in elasticity. 
In order to realize that, the combined use of glass and carbon fibers, 
and the like, as well as polyester-based fibers and high-strength, 
highly-elastic polyethylene-based fibers, and the like also is 
effective. Furthermore, these coarsely-woven reinforcing fabrics can 
be used after being pretreated for a hard-finish with an alkali- 
resistant resin, such as a methylolmelamine- , acryl-, unsaturated 
polyester-, epoxy-, and vinylethylene acetate-based resin. 



The corrosion-resistant resin in the present invention includes 
resins with outstanding chemical resistance to a variety of chemicals, 
such as acids, alkalis, oxidants, reducing agents, various salts, 
organic solvents, etc. 



Usually, saturated polyester-based resins and unsaturated 
polyester-based resins, such as HET acid polyester, bisphenol A 
polyester, and straight-chain vinyl polyester resins, epoxide-based 
resins, such as glycidyl ether-, glycidyl ester-, glycidyl amine-, 
linear aliphatic epoxide-, and alicyclic epoxide-based resins, or the 



[0010] 



[0011] 



7275 
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like can be used for such a corrosion-resistant resin, but epoxy 
acrylate- and bisphenol A polyester-based resins are preferable from 
the standpoint of adhesiveness to foundations, such as stone, 
reinforcing fabrics and mortar. 
[0012] 

In particular, an epoxy acrylate-based resin having outstanding 
corrosion resistance is used, and in order to give satisfactory 
reinforcing and stainproof ing effects to the backside of the ultrathin 
natural stone material, a vinyl-based monomer, such as a styrene 
monomer, can be added to such a resin. The necessary amount of curing 
agent or curing accelerator may be added after adjusting the viscosity 
to 500 centipoise or less, and preferably, 100 to 300 centipoise at 
20°C, and after uniformly and sufficiently allowing it to permeate the 
backside and surface of the stone material and into the gaps between 
the fibers of the reinforcing fabric, it can then be cured at 2 0 to 
140°C for several minutes to about one week. 
[0013] 

Methyl ethyl ketone peroxide (MEKPO) , benzoyl peroxide (BPO) , 
cobalt naphthenate, cobalt octenoate and dimethylaniline are cited for 
the curing agent or curing accelerator. Usually, an MEKPO/cobalt 
naphthenate- and BPO/dimethylaniline-based one is used, but use of an 
MEKPO/cobalt naphthenate/dimethylaniline-based one is particularly 
effective . 
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[0014] 

The method for applying the fluorine-based stainproof ing agent 
and corrosion-resistant resin in the present invention is explained 
next. First of all, the fluorine-based stainproof ing agent is applied 
only to the surface portion of the ultrathin stone material. 
Specifically, after the natural stone material is sliced to the 
desired thickness, its surface is polished and dried, and then, first, 
the backside of the stone material is lined and reinforced with a 
coarsely-woven reinforcing fabric and a corrosion-resistant resin, 
after which the fluorine-based stainproof ing agent is applied to the 
surface portion of the stone material, and a stainproof layer in terms 
of the water and oil repel lency is formed. 
[0015] 

In a specific method for applying such a stainproof ing agent, a 
prescribed fluorine-based stainproof ing agent is diluted with 0.1 to 
2 0% by weight, and preferably, 2 to 10% by weight of water or an 
aqueous organic solvent solution, after which an amount corresponding 
to 20 to 300 g/m^ and preferably, 50 to 200 g/m^ is coated evenly on 
the surface of the stone material and dried, subsequently cured for 
several minutes to several hours at room temperature to 14 0°C or less, 
and preferably, at 40 to lOO^C to turn the solution into a film. It 
is desirable that such a stainproof ing agent be applied evenly on the 
uppermost surface layer portion of the stone material surface, without 
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uneven permeation, from the standpoint of ensuring the surface 

quality. 

[0016] 

Generally, it is difficult to evenly apply the stainproof ing 
agent on the uppermost surface layer portion of the surface of a 
natural stone material having little homogeneity because the 
permeability of the stainproof ing agent liquid changes subtly, 
depending on the type and thickness thereof as well as the extent to 
which it is dried. In order to solve such problems, besides the type, 
concentration and amount of the stainproof ing agent that is to be 
applied, controlling the extent to which the stone material is dried 
and the viscosity of the stainproof ing agent liquid are extremely 
important. Controlling the extent to which the stone material is 
dried depends on the curing conditions for the corrosion-resistant 
resin at the time the backside of the stone material is reinforced, 
but ordinarily, after curing is finished, the stone material is cured 
for 24 hours or longer at room temperature, and subsequently, a 
stainproof finish is applied. Also, controlling the viscosity of the 
stainproof ing agent liquid somewhat depends on the type and 
concentration of the stainproof ing agent being use, but in order to 
prevent excess or uneven permeation into the surface of the stone 
material, it is desirable that it be used in a range of 100 to 3,000 
centipoise, and preferably, 200 to 1,000 centipoise. If the viscosity 
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of the stainproof ing agent liquid is less than 100 centipoise, uneven 
permeation occurs. By contrast, if it is higher than 3,000 
centipoise, uneven adhesion of the stainproof ing agent to the surface 
easily arises. 
[0017] 

The method in the present invention for applying the corrosion- 
resistant resin to the backside of the stone material will now be 
explained. For such an application method, there is ® a method in 
which the coarsely-woven reinforcing fabric is laminated on the 
backside of the ultrathin natural stone material, after which it is 
coated or injected with the corrosion-resistant resin, ® a method in 
which the backside of the ultrathin natural stone material is coated 
with the corrosion-resistant resin, subsequently laminated with the 
coarsely-woven reinforcing fabric, and then further coated or injected 
with the corrosion-resistant resin, ® a method in which the coarsely- 
woven reinforcing fabric is impregnated with the corrosion-resistant 
resin and cured in advance to make a sheet-shaped prepreg, after which 
the backside of the ultrathin stone material is coated with the 
corrosion-resistant resin, and the prepreg is laminated on and adhered 
to it. The amount of the corrosion-resistant resin to be applied 
varies, depending on the type and thickness of the natural stone 
material, the type of the reinforcing fabric and the applications for 
the stone material, but ordinarily, it is* selected and used in a range 
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of 100 to 1,500 g/m^ and preferably, 200 to 500 g/m^. The corrosion- 
resistant resin curing conditions of 20 to 140°C, and in particular, 
20 to 60°C are preferable from the standpoint of preventing the lined, 
reinforced stone material from being warped and deformed, and 
maintaining the physical properties of the stone material and the 
surface quality, such as the gloss and color hue. Moreover, the lined 
and reinforced backside of the natural stone material has moderate 
surface roughness, so the as long as it is dry enough, it exhibits 
satisfactory adhesiveness. 
[0019] 

One method for improving the adhesiveness between the lined, 
reinforced surface and a mortar cement or a dry adhesive is one in 
which unevenness is formed on the lined, reinforced surface using the 
corrosion-resistant resin. Such a method includes (D one in which the 
amount of the corrosion-resistant resin applied is controlled by 
utilizing the variation in the height of the coarsely-woven 
reinforcing fabric, ® one in which an amount corresponding to 100 to 
1,500 g/m^ of inorganic particles, such as silica sand, having 
satisfactory adhesiveness to foundations, such as mortar, is applied 
to the surface of the corrosion-resistant resin, and subsequently 
cured, @ one in which a separately- formed, unevenly- shaped sheet or 
plate is press-fitted to the surface of the corrosion-resistant resin 
which is then cured, and subsequently peeled off to shape it, among 
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other methods . 
[0020] 

The "surface of the natural stone material" in the present 
invention ordinarily means the 'polished' side and the "backside" 
means the rough side. 
[0021] [Practical Examples] 

The present invention will be explained specifically below by 
citing practical examples. "%" in the practical examples wholly 
denotes "% by weight." 
[0023] 

The properties of the stainproof natural stone material were 
measured in the following methods. 

[0024] 1. Bending strength (bending breal^iing load) 

This was measured by cutting each stone material to a size of 5 
cm wide x 20 cm long according to the method in JIS A 1408 (sample 
size: 5 cmx20 cm; bending speed: 1 mm/min. ; 

curvature radius of bending bar: 5 mm; distance between /276 
supporting points: 15 cm). 
[0024] 2. Impact resistance 

According to the method in JIS A 1421 (sample size: 20 cmx20 cm; 
sample support: support of entire sample surface on sand; weight (Wl) : 
1,000 g; falling height: 100 cm), a stone material surface without any 
change after the impact test was talcen as "O, " a surface with craclcs 
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was taken as "a, " and a surface where the stone material was destroyed 
was taken as "x . " 
[0025] 3. Adhesive 

A compounded mortar ( "Adokeep [transliteration]," made by 
Tokuyama Soda) with a thickness corresponding to 50 mm was adhered to 
the backside of a 10 cm^ piece of stone material, cured for 3 weeks at 
room temperature, and the bond strength was measured by using a 
Kenken-type tensile tester. 
[0026] 4. Stainproof ing properties 

An amount corresponding to 10 cc of polluted water containing 22 
cc/L of blue ink, 5 cc/L of heavy B-grade oil and lOOg/L of clay was 
dripped on the surface and backside of a 10 cm^ stone material, 
covered with a film, subsequently set aside for one week at room 
temperature, and then wiped off with a damp towel. The extent of 
stains on the surface and backside of the stone material after drying 
wherein there were no stains at all was taken as "O, " where stains 
were present was taken as "a, " and where stains were conspicuous was 
taken as . " 

[0027] 5. Water repellency 

Droplets of an isopropyl alcohol /water mixture were dripped on 
the surface of a 10 cm^ stone material, and the level of the damp 
state was judged from 1 (poor) to 5 (good) . 
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[0028] [Table 1] 



AqiaeouB Isopropyl Alcohol Solution Composition 



Water 

repellancy 

level 


Composition (VOLJ^) 
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[0029] 6. Oil repellency 

The oil repellency on the stone material surface was measured 
according to the evaluation for oil repellency in AATCC-118-1975 and 
the level was judged from 1 (poor) to 8 (good) . 
[0030] 7. Stainproof ing properties in field 

The baclcside of a 50 cm^ was adhered horizontally to a mortar 
cement foundation, a 2 -year exposure test was performed outdoors, and 
the change in the appearance (gloss, color hue) of the stone material 
surface was judged visually. A backside without any change _ at all was 
judged as " one with a subtle change was judged as "O, " one with a 
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slight change was judged as "a," and one with a major change was 
judged as "x , " 

[0031] 8. Construction workability 

The ease and difficulty of a lateral shifting workability and 
adhesion workability were shown together when aim wide x 1.5 m long 
piece of stone was used in construction work involving adhesion with 
mortar. A workability that was easier than for a stone material 
having the usual thickness of 12 mm or more was taken as ''O" and one 
that was more difficult was taken as ''x." 
[0032] Practical Example 1 

The backside of a 6 mm thick piece of marble was overlapped with 
a coarsely-woven fabric (warp/woof fiber density: 20 fibers/in.) 
comprising long polyester fibers (1000d-192f, thread strength: 8 
g/denier) , an amount corresponding to 450 g/m^ of a liquid mixture 
comprising 100 parts of epoxy acrylate-based corrosion-resistant resin 
(Neopole 8250L, made by Japan U-PICA Co., Ltd.), 0.1 part of 8% cobalt 
naphthenate, and 1.0 parts of 55% methyl ethyl ketone peroxide 
(Permeck N, made by NOP Corp.) was coated on it, subsequently cured 
for 5 days at 2 5°C, and a reinforcing layer having a subtle unevenness 
was formed on the backside and surface, 
[0033] 

An amount corresponding to 200 g/m^ of a liquid mixture 
comprising 100 parts of polytetraf luoroethylene (PTFE) -based 
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stainproof ing agent (20% solid content; water/isopropyl alcohol = 
80%/20%/20% dispersion) and 100 parts of a W/0 emulsion comprising 70 
part/30 parts of water/ terpene oil was coated on the surface 
(polishing side) of a piece of marble, dried, and subsequently heat- 
treated for 30 seconds at lOO^C to form a fluorine-based stainproof 
layer on the surface of stone material. 
[0034] Practical Example 2 

The backside of a 6 mm thick piece of marble was overlapped with 
a coarsely-woven fabric (warp/woof fiber density: 20 fibers/in.) 
comprising long polyester fibers (1000d-192f, thread strength: 8 g/ 
denier) , an amount corresponding to 450 g/m^ of a liquid mixture 1211 
comprising 100 parts of epoxy acrylate-based corrosion-resistant resin 
(Neopole 8250L, made by Japan U-PICA Co., Ltd.), 0.1 part of 8% cobalt 
naphthenate, 1.0 parts of 55% methyl ethyl ketone peroxide (Permeck N, 
made by NOF Corp.), and 0.01 part of 100% dime thy lani line (reagent) 
was coated on it, subsequently cured for 3 days at 25^C, and a lining, 
reinforcing layer having a subtle unevenness was formed on the 
backside and surface. 
[0035] 

An amount corresponding to 300 g/m^ of a liquid mixture 
comprising 100 parts of a perf luoroalkyl group-containing acryl-based 
water and oil repellent (LS320, made by Meisei Kagaku Kogyo K.K.) and 
100 parts of a W/0 emulsion comprising 70 part/30 parts of 
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water/terpene oil was coated on the surface (polishing side) of a 
piece of marble, dried, and subsequently heat-treated for 3 0 seconds 
at lOO^C to form a fluorine-based stainproof layer on the surface of 
stone material. 

[0036] Practical Example 3 

The backside of a 5 mm thick piece of white granite was 
overlapped with a coarsely-woven fabric (warp/woof fiber density: 2 0 
fibers/in.) comprising long polyester fibers (1000d-192f, thread 
strength: 8 g/denier) , an amount corresponding to 550 g/m^ of a liquid 
mixture comprising 100 parts of epoxy acrylate-based corrosion- 
resistant resin (Neopole 8250L, made by Japan U-PICA Co., Ltd.), 0.1 
part of 8% cobalt naphthenate, 1.0 parts of 55% methyl ethyl ketone 
peroxide (Permeck N, made by NOF Corp.), and 0.1 parts of a 100% 
dimethylaniline reagent was coated on it, subsequently an amount 
corresponding to 500 g/m^ of No. 5 silica sand was applied to the 
uncured corrosion-resistant resin surface layer and then cured for 3 
days at 2 5°C, and a lining and reinforcing layer having a subtle 
unevenness was formed on the backside and surface. 

[0037] 

Next, the surface (polished side) of a piece of white granite was 
coated with an amount corresponding to 300 g/m^ of the same PTFE-based 
stainproof ing agent as in Practical Example 1, subsequently brushed 
with a cotton cloth, and then heat-treated for 30 seconds at lO^C to 
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form a fluorine-based stainproof layer on the stone material surface. 
[0038] Comparative Example 1 

Except for the fact that a fluorine-based stainproof layer was 
not formed on the stone material surface, a lined, reinforced piece of 
marble was obtained in the same method as in Practical Example 1 . 
[0039] Comparative Example 2 

Except for the fact that not there was no lining or reinforcing 
with a coarsely-woven fabric and a corrosion-resistant resin, a piece 
of marble having stainproof ing properties on the stone material 
surface only was obtained in the same method as in Practical Example 
1. 

[0040] Comparative Example 3 

Except for the fact that a coarsely-woven fabric for 
reinforcement use was not used, a fluorine-based stainproof layer was 
formed on the stone material surface in the same method as in 
Practical Example 1, on the one hand, and only a piece of marble 
having a flat-surface corrosion-resistant resin on the stone material 
baclcside was obtained. 
[0041] 

The results upon evaluating the bending strength, impact 
resistance, adhesiveness, stainproof ing properties, water and oil 
repellency, stainproof ing properties in the field, and construction 
worlcability for the various ultrathin natural stone materials obtained 
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in the above practical examples and comparative examples were shown 
together in Table 2 . 
[0042] [Table 2] 
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[Advantages of the Invention] 

The stainproof natural stone material of the present invention 
exhibits outstanding stainproof ing properties against all sorts of 
polluted water, oils and the like because outstanding stainproof ing 
properties, i.e., water and oil repellehcy is given to the stone 
material surface by applying the fluorine-based stainproof ing agent on 
the surface of the ultrathin natural stone material and applying a 
coarsely-woven reinforcing fabric and corrosion-resistant resin on the 
backside, on the one hand, and also because a satisfactory lining and 
reinforcing effect and adhesiveness to foundations are obtained, and 
at the same time, the gloss, color hue and texture of the stone 
material surface can be effectively prevented from changing over time 
due to long-term exposure to rainwater, sun, etc. Also, it exhibits 
outstanding effects for improving the bending strength and impact 
resistance. Therefore, a lightweight, tenacious natural stone 
material with outstanding stainproof ing properties also can be 
obtained, unlike in the past; hence, the construction workability is 
improved over a wide scale. At the same time, it can be utilized as a 
new construction material and material for indoors, such as for 
flooring, wall materials, ceiling materials, outdoor facade materials, 
partitioning materials, and furniture; hence, its advantages are 
extremely large. 
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[Brief Description of the Figures] 

(Figure 1 is a drawing showing a cross section of one (1) example of 
the stainproof natural stone material of the present invention.) 
[Figure 1] 

[Figure 2] Figure 1 is a drawing showing a cross section of one 
(1) example of the stainproof natural stone material of the present 
invention. Figure 2 is a schematic view of the backside of the stone 
material in Fig. 1. 

[Figure 3] 

[Figure 4] Figure 3 is a drawing showing a cross section of the 
stone material of Comparative Example 1. Figure 4 is a schematic view 
of the backside of the stone material of Comparative Example 1. 

[Figure 5] 

[Figure 5] Figure 5 is a drawing showing a cross section of the 
stone material of Comparative Example 2. Figure 6 is a schematic view 
of the backside of the stone material of Comparative Example 2. 

[Figure 7] 

[Figure 8] Figure 7 is a drawing showing a cross section of the 
stone material of Comparative Example 3. Figure 8 is a schematic view 
of the backside in Comparative Example 3 . 
[Explanation of the Codes] 

1. fluorine-based stainproof ing agent 

2. ultrathin natural stone material 
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3. coarsely woven fabric for lining and reinforcement 

4. corrosion-resistant resin for lining and reinforcement 
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[Figure 3) tPigure 5) [Figure 7] 
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